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A  numerical  approach  based  on  the  finite-difference  method  and  incremental 
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Fracture  mechanics  is  a  useful  tool  in  the  study  of  sub —critical  crack  growth. 

This  report  presents  a  summary  of  the  results  of  several  recent  fracture 
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growth  measurements  under  cyclic  loading  conditions  in  6061-T651  alloy 
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growth  in  a  high  strength-low  alloy  steel  in  nercury  is  discussed.  Crack 
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growth  studies  under  static  loading  conditions  at  various  temperatures  in  both 
6061-T651  aluminum  and  70/30  alpha  brass  embrittled  by  mercury  are  also 
presented.  Finally,  some  experiments  on  mercury  wetted  70/30  alpha  brass  in 
Mode  III  loading  (pure  shear)  are  presented.  The  results  are  discussed  in 
relation  to  transport  mechanisms. 
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Crack  growth  rates  were  measured  on  three  aluminum  alloys  under  cyclic  and 
static  loading  conditions  in  laboratory  air  and  in  liquid  mercury  at  about 
+25°C.  One  alloy,  6061-T651,  was  tested  under  both  loading  conditions  at 
temperatures  ranging  from  -25° C  to  +45° C.  Fracture  mechanics  techniques  were 
used. 
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Under  cyclic  loading  conditions,  no  enhanced  crack  growth  in  mercury  was 
measured  until  a  critical  stress  intensity  factor  range  (AK)  was  exceeded. 
When  AK  increased  above  the  threshold  value,  the  crack  growth  rate  increased 
by  as  much  as  three  orders  of  magnitude,  when  compared  to  the  crack  growth 
rate  in  air*  Prom  the  appearance  of  the  fracture  surface  the  mechanism  of 
embrittlement  was  deduced  to  be  reduced  cohesion. 

Under  static  loading  conditions,  crack  velocities  of  centimeters  per  second 
were  measured  in  load  control.  Under  displacement  control  much  slower  crack 
velocities  were  measured  in  two  alloys.  The  decrease  in  crack  velocity  was 
attributed  to  crack  blunting  and  large  plastic  zones.  Static  crack  velocity 
and  cyclic  crack  growth  rate  increased  with  decreasing  temperature *  This 
unusual  temperature  effect  was  related  to  the  kinetics  of  adsorption  of 
mercury  on  aluminum. 


36 


SECURITY  CLASSIFICATION  OF  THIS  Data  Entarad) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmtm  Entered) 

REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-83009 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (and  Subtltla) 

MECHANICAL  PROPERTIES  OF  HIDRO STATICALLY  EXTRUDED 
URANIUM  -  0.75  PERCENT  TITANIUM  ALLOY 

5.  TYPE  OF  REPORT  ft  PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR**.) 

C.  J.  Nolan,  M.  H.  Kamdar,  and  J.  H.  Underwood 

B.  CONTRACT  OR  GRANT  NUMBER(i) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet.  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  611102H600011 

DA  Project  No.  1L161102AH60 
PRON  No.  1A2250041A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover.  NJ  07801 

IZ.  REPORT  DATE 

March  1983 

13.  NUMBER  OF  PAGES 

26 

14.  MONITORING  AGENCY  NAME  &  ADDRESS^/  different  from  Controlling  Ottlce) 

IS.  SECURITY  CLASS,  (ot  thta  report) 

UNCLASSIFIED 

15a.  DECLASSIFICATION/DOWNGRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ot  thle  Report) 

Distribution  limited  to  US  Government  Agencies  only  because  of  test  and 
evaluation;  March  1983.  Other  requests  for  this  document  must  be  referred 
to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory,  DRDAR-LCB-RM, 

Watervliet  Arsenal,  Watervliet,  NY  12189. 

17.  DISTRIBUTION  STATEMENT  (ot  the  ebetrect  entered  In  Block  20,  It  different  from  Report) 

18.  supplementary  NOTES 

19.  KEY  WORDS  fConiJmi#  on  reeeree  etde  If  neceeeery  end  Identify  by  block  number) 

Extrusion 

Uranium 

Toughness 

High  Pressure 

20.  ABSTRACT  (Continue  on  rereree  ft  neceeeery  mod  Identity  by  block  number) 

A  study  has  been  undertaken  to  improve  the  notch  sensitivity  and  brittleness  of 
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has  been  utilized  to  extrude  uranium  alloys  without  cracks  at  room  temperature 
up  to  50  percent  reduction  in  as  received,  solution  treated,  solution  treated 
and  aged,  and  homogenized  conditions.  The  extruded  billets  were  tested  to 
determine  the  effects  of  percent  reduction  and  heat  treatment  on  the  mechanical 

(C0NTf D  ON  REVERSE) 

DO  t  JAM*73  M73  EDITION  OF  »  NOV  65  IS  OBSOLETE  ^  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Pfcan  Dete  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAOEflWmi  Data  Kntarad) 


20.  ABSTRACT  (Cont’d) 

properties,  specifically  strength,  tensile  ductility,  and  fracture  toughness. 
The  as  received  and  the  solution  treated  conditions  when  extruded  to  50 
percent  reduction,  showed  50  percent  increase  in  strength.  The  as  received 
alloy  showed  little  increase  in  fracture  toughness,  while  the  solution  treated 
alloy  showed  about  20  percent  increase  in  fracture  toughness.  The  results 
suggest  that  improved  properties  can  be  obtained  via  solution  heat  treatments. 
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20.  ABSTRACT  (Continue  on  i  ever  mm  mfdm  tf  nmcememry  mnd  idmnttfy  by  bfock  numbmr) 

Current  material  handling  problems  encountered  during  the  manufacturing  of  gun 
tubes  are  discussed.  Solutions  recommended  by  a  private  contractor  are  pre¬ 
sented.  These  solutions  are  (l)use  masted  cranes,  (2)  use  sideloading  lift 
trucks,  and  (3)  use  an  automatic  guided  vehicle  system  with  sideloading  lift 
trucks.  Installation  costs  and  return-on-investment  are  detailed. 
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Hollow,  two  diameter,  thick  walled  cylinders  were  produced  via  the  hot 
extrusion  process  by  the  Curtiss-Wright  Corp.,  Buffalo,  New  York.  The 
material  was  gun  steel  (4335V  modified)  produced  by  Electralloy  Corp.,  Oil 

City,  PA,  in  an  argon-oxygen  decarburization  (AOD)  vessel.  The  extrusions 
were  heat  treated  to  develop  mechanical  properties  required  for  the  105mm 

M68  gun  tube  per  the  Specification  MIL-S-461 1 9 .  Mechanical  properties 
(tension,  charpy  V-notch  and  fracture  toughness  specimens)  were  measured 
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in  the  transverse  and  longitudinal  directions  along  the  length  of  three  (3) 
extrusions.  The  macrostructure  and  microstructure  were  also  examined.  The 
mechanical  properties  were  satisfactory;  however,  the  charpy  V-notch  impact 
energy  was  marginal.  The  dimensions,  straightness,  and  wall  thickness  variations 
were  consistent  and  met  the  requirements.  Although  more  material  had  to  be 
removed,  compared  to  conventional  forgings,  the  total  time  for  machining  an 
extrusion  would  not  be  more  than  for  conventional  forgings  because  they  are 
easier  to  straighten  and  set  up  than  the  normal  tapered  forgings. 
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IS.  SUPPLEMENTARY  NOTES 

Originally  submitted  as  an  MM&T  project  to  the  U.S.  Army  Armament  Materfel 
Readiness  Command  in  September  1981. 
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Rotary  Forge 
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20.  ABSTRACT  (Continue  on  rereree  eide  if  neceeeery  end  identifr  by  biock  number) 

Recycling  of  gun  tubes  has  been  a  two-year  MM&T  effort  by  the  Advanced  Engin¬ 
eering  Section  of  Benet  Weapons  Lab  at  Watervliet  Arsenal.  The  basic  approach 
involves  rotary  forging  of  scrap  (fi red-out,  mismachined,  obsolete,  etc.)  tubes 
directly  into  a  new  tube  forging  of  smaller  size  without  any  intermediate 
melting  operation. 


The  preliminary  phase  or  first  year's  effort  of  this  project  determined  the 
quantities  of  scrap  tubes  available  for  recycling  and  future  tube  production 
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requirements.  This  phase  was  then  followed  by  processing  a  sample  quantity 
of  scrap  tubes  from  the  field.  Since  tubes  with  the  largest  volume  of 
material  showed  the  most  potential  for  recycling,  emphasis  was  placed  on  lo¬ 
cating  larger  tubes;  namely,  8"  M2A2  and  175nmi  Ml  1 3  gun  tubes.  Other  tube 
models,  such  as  the  155mm  M185,  were  also  included  in  the  study.  The  samples 
of  selected  tubes  were  then  inspected  for  the  extent  of  damage.  Based  on  the 
firing  damage,  a  standard  machining  procedure  was  established  to  prepare  a 
tube  for  recycling. 

A  computer  program  was  then  developed  which,  based  on  tube  dimensions, 
generates  an  optimum  mix  of  new  tubes  that  can  be  produced  giving  the  required 
preform  dimensions.  Based  on  this  computer  program,  scrap  tubes  were  cut  and 
recycled  through  the  Rotary  Forge. 

The  overall  results  proved  that  scrap  tubes  can  be  made  into  acceptable 
forgings  that  meet  the  dimensional  drawing  requirements.  The  follow-up  heat 
treatment  and  mechanical  property  testing  resulted  in  less  than  half  of  the 
tubes  meeting  the  required  mechanical  properties.  However,  in  analyzing 
these  results,  the  older  scrap  tubes  produced  by  air  melting  practices,  re¬ 
sulted  in  very  few  with  acceptable  mechanical  properties.  The  scrap  tubes 
of  a  more  recent  vintage  originally,  produced  from  newer  melting  practices 
such  as,  vacuum  degassing,  vacuum  deoxidizing,  and  electroslag  refining 
resulted  in  nearly  100%  with  acceptable  mechanical  properties. 

The  recycling  program  will  result  in  substantial  cost  savings  when  applied 
to  scrap  tubes  originally  produced  from  the  newer  melting  practices. 
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The  rotary  forge  process  has  been  used  for  the  production  of  cannon 
tube  forgings  since  1978.  To  form  the  bore,  a  stub  (partial  length)  mandrel 
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20.  ABSTRACT: 

As  part  of  a  project  to  maximize  productivity  in  the  production  of  155mm 
M483A1  projectile  bodies,  the  rotary  forge  process  was  evaluated.  Since  the 
projectile  body  was  to  be  forged  as  a  closed  cylinder,  a  full  length  mandrel 
had  to  be  employed.  Trial  forgings  were  produced  on  a  GFM  machine  in  Steyr, 
Austria,  on  preforms  produced  by  Chamberlain  Manufacturing  Corp.  Several 
types  of  preforms  were  evaluated,  including  as-forged  and  machined.  It  was 
determined  that  the  projectile  body  can  be  rotary  forged  with  a  reduction  in 
weight  compared  to  standard  forging  techniques.  However,  because  of  the 
commitment  to  equipment  already  made  at  the  several  ammunition  plants,  a 
significant  economic  benefit  can  be  realized  only  under  full  mobilization 
production  conditions. 
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The  simple  rail  gun  and  rail  guns  with  normally  conducting  and  superconducting 
augmentation  are  discussed  using  an  energy  approach.  Ideal  launch  efficiencies 
neglecting  Joule  losses  and  assuming  constant  rail  current  during  the  launch  are 
shown  to  be  50  percent  for  normally  conducting  systems,  and  up  to  100  percent  for 
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system  are  compared  with  expected  values  for  a  system  with  superconducting 
augmentation.  The  situation  of  variable  rail  currents  has  also  been  discussed. 
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The  functional  stress  intensity  approach  is  presented  for  a  partially  auto- 
frettaged,  thick-walled  cylinder.  This  approach  is  a  combination  of  a  series 
of  methods  developed  for  the  computation  of  stress  intensity  factors  for 
multiple- radial  cracks  emanating  from  the  inner  or  the  outer  surface  of  a 
hollow  cylinder.  The  numerical  method  is  mainly  based  on  the  finite  element 

method  using  12-node  quadrilateral,  isoparametric  elements  with  singular 
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20.  ABSTRACT  (Cont’d) 

elements  around  a  crack  tip.  The  difficulty  due  to  the  presence  of  initial 
stresses  in  the  finite  element  method  is  obviated  by  the  method  of  thermal 
simulation  which  replaces  the  residual  stresses  existing  in  an  autofrettaged 
cylinder  by  an  active  thermal  load.  The  weight  function  method  is 
incorporated  to  reduce  the  repeated  computations  of  stress  intensity  factors 
of  the  same  geometrical  configuration  subjected  to  various  external  loads  and 
residual  stresses.  The  functional  stress  intensity  factor  is  introduced  to 
overcome  the  difficulty  in  seeking  the  weight  function  itself. 

Numerical  results  of  functional  stress  intensity  factors  are  given  for 
multiple  cracks  radiating  from  the  bore  or  from  the  outer  surface  of  a 
cylinder  having  an  external  diameter  twice  that  of  an  internal  diameter.  A 
linear  superposition  of  these  results  gives  the  resultant  stress  intensity 
factor  of  a  cracked  geometry  subjected  to  combined  external  loads  and  initial 
stresses.  It  is  highly  possible  to  extend  the  method  outlined  in  this  report 
for  elastic-perf ectly  plastic  material  to  strain-hardening  materials. 
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Superconducting  PdxCui-xCH)  has  been  made  by  ion-beam  mixing  and  low- 
temperature  electrolysis.  A  multi-layered  sample  consisting  of  alternate 
layers  of  Cu  and  Pd,  sputter-deposited  onto  a  Pd  foil  substrate,  was  bombarded 
with  125  KeV  Xe+  ions.  Analysis  by  Rutherford  backscattering  (RBS)  showed  the 
formation  of  a  Pd#5Cu#4  alloy  region  approximately  38  yg/cm2  thick.  After 
electrolytic  charging  with  H  at  dry  ice  temperature,  superconductivity  was 
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observed,  with  a  transition  temperature,  Tc,  of  11.4  K  in  the  alloy  region. 
The  effects  of  increased  currents  and  changes  in  the  H  distribution  due  to 
annealing  between  77  K  and  85°C  on  the  transition  curves  have  been 
investigated.  Transition  curves  produced  in  this  fashion  are  broad  with  an 
onset  of  the  superconducting  transition  as  high  as  14  K*  The  sample  remains 
partially  superconducting  even  after  overnight  anneal  at  room  temperature. 
Electrolysis  at  room  temperature  also  produces  superconducting  transitions 
with  onsets  as  high  as  17  K. 


72 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWhen  D*tm  Bntmred) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-83027 

3.  RECIPIENT'S  CATALOG  NUMBER 

A.  TITLE  (mid  Submit) 

FATIGUE  BEHAVIOR  IN  MUZZLE  REGION  OF  CERTAIN 

105  MM  M137A1  HOWITZER  TUBES 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  author^#; 

Bruce  B.  Brown 

8.  CONTRACT  OR  GRANT  NUMBERfa) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  738017. I00Q1 

PRON  No.  1A2265691A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover •  NJ  07801 

12.  REPORT  DATE 

June  1983 

13.  NUMBER  OF  PAGES 

46 

14.  MONITORING  AGENCY  NAME  &  ADDRESS^/  different  from  Controlling  OtUca) 

IS.  SECURITY  CLASS,  (ot  thlt  rtport) 

UNCLASSIFIED 

15*.  DECLASSIFICATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ol  tfil*  Rtport) 

Distribution  limited  to  US  Government  Agencies  only  because  of  test  and 
evaluation;  June  1983.  Other  requests  for  this  document  must  be  referred 
to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory,  DRDAR-LCB-RM, 

Watervliet  Arsenal,  Watervliet,  NY  12189. 

17.  DISTRIBUTION  STATEMENT  (ol  the  abatracl  entered  In  Block  20,  ll  dlltereni  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (ConfJnu*  on  rereree  aide  It  neceeeary  and  Identity  by  block  number) 

Howitzer  Residual  Stress 

105  ram  M137A1  Fracture  Toughness 

Muzzle  Safe  Service  Life 

Fatigue 

2<L  ABSTRACT  (Continue  mm  rover  am  «Mi  ft  rmcenemty  and.  Identity  by  block  number) 
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Conventional  closure-packing  systems  used  to  seal  pressure  vessel  cylinders 
cause  diminished  stress  at  the  ends  of  the  cylinders.  This  end  effect  is  the 
result  of  the  pressure  seal  being  placed  a  distance  in  from  the  cylinder  end. 
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pressure  to  the  cylinder  ends  and  these  cylinder  ends  contain  potential  fatigue 

(CONT'D  ON  REVERSE) 

DD  ,^**73  W73  EDITION  OF  *  NOV  85. S  OBSOLETE  UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (IWwm  DotoEntorod) 


SECURITY  CLASSIFICATION  OF  THU  PAOCChi  D*m  Entatad) 


20.  ABSTRACT  (CONT'D) 

critical  features.  A  closure-packing  system  has  been  developed  to  greatly 
diminish  the  end  effect.  The  end  effects  have  been  measured  and  the  system 
successfully  used  in  a  high  pressure  hydraulic  fatigue  test. 
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This  report  summarizes  the  results  of  a  study  of  the  application  of  tantalum 
coatings  in  gun  barrels  and  its  performance  as  a  protective  measure  for  erosion 
control.  The  feasibility  of  plating  liners  both  for  20  mm  M24A1  barrels  and 

105  mm  M68  with  15  mil  thick  tantalum  by  electrodeposition  from  fused  eutectic 
mixture  of  fluorides  of  K,  Na,  and  Li  has  been  demonstrated.  On  test  firing 
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HC  chromium  coating.  The  coating,  however,  showed  some  swaging.  Codeposition 
of  one  to  five  percent  chromium  was  found  to  predictably  increase  the  hardness 
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results. 
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Thick-walled  cylinders  containing  more  than  one  internal  crack  are  compared 
with  one  containing  a  single  crack.  Their  crack  growth  and  strain  behavior 
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lubrication  results  in  much  less  resistance  and  much  less  severe  wear  than 
would  otherwise  be  the  case.  Friction,  wear  and  metallographic  evidence  from, 
examination  of  recovered  projectiles  and  fired  cannon  tubes  show  the  melt- 
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material.  Such  a  molten  surface  layer  can  also  be  produced  on  the  surface  of 
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further  indicate  that  saturation  effects,  which  dominate  the  temperature 
dependence  of  the  high  resistivity  amorphous  metals ,  are  Important  even  for 
resistivities  as  low  as  50  yflcm. 


84 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTian  Dili  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Enter  ad) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR- 83033 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (end  Sub II tit) 

CHARACTERIZATION  OF  CRYSTALLOGRAPHIC  STRUCTURE 

AND  INTERNAL  STRESS  OF  CHROMIUM  COATINGS  PLATED 
UNDER  CURRENT  INTERRUPTIONS 

S.  TYPE  OF  REPORT  &  PERIOD  COVERED 

Final 

s.  PERFORMING  ORG.  REPORT  NUMBER 

7.  authors; 

G.  P.  Capsimalls  and  E.  S.  Chen 

8.  CONTRACT  OR  GRANT  NUMBERfaJ 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Center 

Benet  Weapons  Laboratory,  DRSMC-LCB-TL 

Watervllet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 

AMCMS  No. 6111. 01. 91 AO. 0 

Pron : 1A1281501A1A 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Center 

Large  Caliber  Wieapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

-  Sent.  1983 

13.  NUMBER  OF  PAGES 

15 

14.  MONITORING  AGENCY  NAME  &  ADDRESS^/  different  from  Controliing  Office) 

15.  SECURITY  CLASS,  (ol  Me  report) 

Unclassified 

1S«.  DECLASSIFICATION/ DOWNGRADING 

SCHEDULE 

IS.  DISTRIBUTION  STATEMENT  (of  Me  Report) 

Approved  for  Public  Release,  Distribution  Unlimited 

17.  DISTRIBUTION  STATEMENT  (of  the  abetted  entered  in  Block  20,  If  different  from  Report) 

is.  supplementary  notes  presented  at  the  Tri-service  Symposium  on  Gun  Tube  Wear  and 
Erosion,  25-28  Oct.  1982,  Dover,  New  Jersey  and  published  in  the  Proceedings. 

19.  KEY  WORDS  (Continue  on  rereree  aide  if  neceeeery  end  identify  by  block  number) 

Chromium  Plating  Crystal  Structure 

Current  Interruptions  Texture 

Microstructure  Stress 

Hardness  MLcrocrack  Morphology 

2Ql  ABSTRACT  (Cantfnue  ate  re  rare*  aide  ft  neceeeery  and.  identify  by  block  number) 

The  effect  of  interrupted  current  (IC)  plating  on  the  visual  crack  morphology, 
crystallography,  and  residual  stresses  of  electrodeposlted  chromium  has  been 
investigated.  Varying  the  process  parameters  such  as  the  on/off  plating  cycle 
and  current  density  resulted  in  changing  the  crystallographic  fiber  texture 
of  the  deposit  from  the  conventional  <11 1>  orientation  to  a  combination  of 
(21 1> ,  <111>,  and  a  small  fraction  of  randomly  oriented  crystallites.  Under 

(CONT'D  ON  REVERSE) 

DD  t  jam^73  M73  edition  of  i  nov «5  is oasoLETE  Unclassified 

8S 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAOEfWnn  Data  Entered) 


20.  ABSTRACT  (CONT'D) 

these  plating  conditions,  it  was  also  found  that  (1)  lower  amounts  of  chromium 
hydride  (CrH*)  occur  in  the  deposit,  (2)  a  large  decrease  in  the  microcrack 
density  of  the  deposit  occurs,  and  (3)  the  deposits  tend  to  become 
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micros tructures  comprising  the  layers  of  this  thermally  altered  zone  was  made 
by  micros t rue tural  appearances  and  resulting  microhardness  data  obtained  from 
the  individual  layers. 
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results  clearly  demonstrate  the  potential  usefulness  of  the  magnetic  probe 
idea.  In  addition,  we  found  that  the  modified  DTA-TGA  apparatus  provides  a 
very  sensitive  measure  of  the  decomposition  of  austenite  on  cooling. 
Therefore,  the  study  was  extended  and  a  wide  variety  of  new  details  of  the 
quench  characteristics  of  gun  steels  were  obtained.  A  summary  of  the  results 
is  given  in  this  memorandum. 
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a  fracture  mechanics  method.  A  statistical  comparison  of  the  two  methods  was 
performed.  Photoelastic  and  finite  element  methods  were  used  to  obtain  some 
of  the  notch  root  stresses. 

The  effects  of  a  single  prior  tensile  overload  on  fatigue  life  were  considered 
for  many  of  the  tests.  There  appeared  to  be  a  critical  ratio  (about  unity)  of 
cyclic  stress  range  at  the  notch  root  relative  to  yield  strength,  below  which 
a  tensile  overload  extended  fatigue  life  and  above  which  a  tensile  overload 
shortened  life. 

The  effects  of  prior  thermal  overload  on  fatigue  life  were  also  investigated 
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prepared  from  CdS  systematically  doped  with  increasing  amounts  of  Cl. 

The  Cl  doped  material  was  prepared  in  a  variety  of  ways:  from  mixtures  of  CdS 
and  CdCl2»  by  precipitation  from  aqueous  solution,  and  by  acid  doping.  The 
differently  doped  starting  materials  were  analyzed  for  Cl  and  other  impurities 
before  being  pressure  quenched.  The  magnetic  susceptibilities  were 
subsequently  measured. 
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produce  specimens  with  anomalously  large  magnetism  is  0.75  ±  0.10  weight 
percent.  The  technique  for  the  preparation  of  such  material  is  described. 


108 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWhen  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

ARLCB-TR- 83045 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

«.  TITLE  (and  Subtltla) 

MECHANICAL  PROPERTIES  OF  SILICONE  RUBBER  IN  A 

CLOSED  VOLUME 

S.  TYPE  OF  REPORT  *  PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

G.  P.  O’Hara 

8.  CONTRACT  OR  GRANT  NUMBERf*) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Center 

Benet  Weapons  Laboratory,  DRSMC-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT,  PROJECT.  TASK 

AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  2080.15.6000.0 

PRON  No.  1A1221B81A1A 

It.  CONTROLLING  OFFICF.  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Center 

Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

December  1983 

13.  NUMBER  OF  PAGES 

14 

14.  MONITORING  AGENCY  NAME  &  ADDRESS^/  different  from  Controiiing  Office) 

IS.  SECURITY  CLASS,  (of  th/a  report; 

UNCLASSIFIED 

\Se.  DECLASSI  FIC  ATION/DOWNGRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thte  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  the  ebetrect  entered  in  Block  20,  if  different  from  Report) 

IS.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  ( Continue  on  reeeree  eide  if  neceeeary  and  identify  by  block  number) 

Rubber  Experiment 

Modulus  Elastomer 

Silicone  Pressure 

2 CL  ABSTRACT  fCantfaum  ea  rerecwm  *M»  ft  nmereeeary  and.  identity  by  block  number) 
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2.  Splitting  the  Ring:  The  feasibility  of  splitting  the  ring  using  an 
electrical  discharge  machine  "EDM"  was  investigated.  A  service  contract  for 
EDM  cutting  employing  a  traveling  wire  electrode  was  awarded.  This  method 
proved  unsatisfactory  for  production  application.  A  specification  for  an 
automated  abrasive  saw  has  been  prepared.  This  machine  will  have  power 
clamping,  adjustable  cutting  feeds,  constant  surface  feet  per  minute  "SFM" 
wheel  control,  wheel  guides  for  stability  and  self-contained  coolant 
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requirements  of  our  components.  In  order  to  improve  on  our  present  method 
of  polishing,  an  in-house  effort  has  been  undertaken.  Two  wet  belt  sanders 
have  been  purchased  and  the  modification  for  our  application  has  begun. 
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REDSTONE  ARSENAL,  AL  35898 

COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 

US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  DRSMC-LCB-TL, 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST  (CONT'D) 


NO.  OF 
COPIES 


COMMANDER 

US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER 
ATTN:  TECH  LIB  -  DRXMR-PL 

WATERTOWN,  MA  01272 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 
ATTN:  CHIEF,  IPO 

P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709 
COMMANDER 

US  ARMY  HARRY  DIAMOND  LAB 
ATTN:  TECH  LIB 

2800  POWDER  MILL  ROAD 
ADELPHIA,  MD  20783 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CTR 
ATTN:  TECHNICAL  LIBRARY 

CODE  X212 

DAHLGREN,  VA  22448 


DIRECTOR 

US  NAVAL  RESEARCH  LAB 
2  ATTN:  DIR,  MECH  DIV 

CODE  26-27,  (DOC  LIB) 
WASHINGTON,  D.C.  20375 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
1  ATTN:  AFATL/DLJ 

AFATL/DLJG 
EGLIN  AFB,  FL  32542 

METALS  &  CERAMICS  INFO  CTR 
BATTELLE  COLUMBUS  LAB 
1  505  KING  AVENUE 

COLUMBUS,  OH  43201 


1 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER, 

Ug  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  DRSMC-LCB-TL, 
WATERVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


NO.  OF 
COPIES 


1 

1 


1 

1 


1 


